ABSTRACT-Automobile has become the dominant transport mode in the world in the last century. In order to meet a continuously growing demand for transport, one solution is to change the control approach for vehicle to full driving automation, which removes the driver from the control loop to improve efficiency and reduce accidents. Recent work shows that there are several realistic paths towards this deployment : driving assistance on passenger cars, automated commercial vehicles on dedicated infrastructures, and new forms of urban transport (car-sharing and cybercars). Cybercars have already been put into operation in Europe, and it seems that this approach could lead the way towards full automation on most urban, and later interurban infrastructures. The European project CyberCars has brought many improvements in the technology needed to operate cybercars over the last three years. A new, larger European project is now being prepared to carry this work further in order to meet more ambitious objectives in terms of safety and efficiency. This paper will present past and present technologies and will focus on the future developments.
INTRODUCTION
Cybercars are fully automated road vehicles. A fleet of such vehicles forms a transportation system called CTS (Cybernetic Transportation System), for passengers or goods, operating in either a direct connection or an elaborate network, providing on-demand door-to-door transportation. The fleet of cars is under control of a central management system in order to distribute transportation requests efficiently and co-ordinate traffic in a particular environment. At the initial stages, cybercars are designed for short trips at low speed in an urban environment or in private grounds. In the long term, cybercars could also run autonomously at high speed on dedicated and protected tracks. With the development of the cybercar infrastructures, private cars with fully autonomous driving capabilities could also be allowed on these infrastructures while maintaining their manual modes on regular roads.
Cybercars are peoplemovers resembling PRT (Personal Rapid Transit). Their main advantage is their ability to operate at-grade on roads, which ensures they are cheaper and more flexible.
Although the concept was developed in the early 1990's, the fist CTS was put in operation at the end of 1997 in a long term parking at Schophol airport (Amsterdam). Since then, several other systems have been put in operation and many cities are now considering its implementation.
The future of the cybercars however lies in the integration of the cybercar features in regular cars (called dual-mode vehicles). These cars would then be allowed in restricted areas and on the dedicated infrastructures reserved for cybercars, and run in manual mode (with drivers assistance) on regular roads.
The technologies used for cybercars are similar to those found in drivers assistance techniques, and in particular use the same types of sensors and control. However, these techniques have to be pushed further because the vehicle is not under the responsibility of a human driver. However, on the other hand, the cybercars run at lower speed (they are restricted at the moment to urban environments) and in a more controlled environments. Further techniques, not available on standard vehicles at this time, must also be integrated in the cybercars for the fleet management and the interfaces with all sorts of users, who are not necessarily drivers.
We will now present the state of the art of the key cybercar technologies and the next developments which are foreseen.
CONTROL
Cybercars are precursors of drive-by-wire vehicles since acceleration, braking and steering are be controlled by computers. During the project, participants have developed new hardware for the safe implementation of these functions. However, the main focus has been on the development of safe software. To reach a high level of safety in a complex computer environment, often with distributed processing, a new tool developed by INRIA has been extensively used and validated by several partners. It is the SynDEx approach which allows the development and certification of distributed real time software (see http://wwwrocq.inria.fr/syndex/).
The future of control system now relies in the development of redundant systems for the improvement of safety. The development of software in such distributed and redundant systems is still a difficult task and their certification is also a major difficulty.
OBSTACLE AVOIDANCE
Obstacle avoidance is the main difficulty in the deployment of cybercars. Considerable research work has been carried out in this domain by the partners. Now available on industrial vehicles are systems based on scanning laser rangefinders complemented by ultra-sounds and sensing bumpers. These sensors are associated with advanced control software to anticipate potential collision while eliminating obstacles which are not on the path of the vehicles.
Other collision avoidance techniques based on radar and on vision have been researched. They are not yet certified but offer great promise for lowering the cost and improving the performance. These researches are conducted in close cooperation with the automobile industry which is looking for similar devices for avoiding vulnerable users in urban environments.
For the vision, there is a trend to use hierachical methods, with hardware to deal with the massive amount of low-level operations, then sending higher level objects to various routines. E.g. Genetic Algorithms (as the Fly Algorithm) can be implemented in hard and can very quickly give some hints of the presence of pedestrians in the path of the vehicle and that information is used to launch refined, computer demanding methods in these particular areas.
PLATOONING
Platooning techniques are needed for the operation of several vehicles closely spaced. The first vehicle of this platoon may or may not be automatic depending on the application. Two techniques have been developed in the project. On relies on the scanning laser sensor used for obstacle avoidance and the other is based on the development of a linear camera using low cost components. Both approaches give good results but the linear camera has the potential for very low gap and high speed operation.
The next generation of platoons will clearly communicate in order to solve problems such as inserting a car into the platoon, splitting the platoon or to be able to manage intersection of two platoons (e.g. at intersections). This will also help with the stability problem of platoons.
LOCALISATION AND NAVIGATION
The first automated vehicles used an infrastructure-based approach with electric wires or transponders. During the project, Frog has further developed their technique based on deadreckoning associated with relocalisation on magnets widely spaced and hence implemented at low cost. This technique allows for fine tuning the exact path of the vehicles and is available on the ParkShuttle II and requires less magnets on the road than previously.
Other techniques based on localisation by laser or natural features in the environment or on vision have been demonstrated. These techniques which require no modification of the environment are still to be industrialised. Advanced techniques for path generation in complex and dynamic environments have also been explored successfully.
A low cost solution being developed is to use the same architecture as the obstacle detection for localization. Extracting higher-level feature allows to reduce drastically the amount of data stored in the GIS (Geographical Information System) with respect to current low-level maps. Then a 2D path is computed, taking into account all the obstacles seen or transmitted by the surrounding sensors: the nearby cybercars share their information in order to enhance the range and the precision of detection of the surrounding.
